Background {#Sec1}
==========

The overall respiratory health of Aboriginal peoples (First Nations, Metis, and Inuit) is poorer than that of the general Canadian population \[[@CR1], [@CR2]\]. Rates of respiratory diseases including asthma, chronic bronchitis (CB), and chronic obstructive pulmonary disease (COPD) are higher in Aboriginal peoples \[[@CR1], [@CR3]\]. According to the First Nations Regional Longitudinal Health Survey, in 2002/03 the age-standardized prevalence of self-reported, physician-diagnosed CB was 3.7% in First Nations people living on reserves \[[@CR4]\]; and according to the Canadian Community Health Survey (CCHS) 2005, the prevalence of CB in Aboriginal people living off-reserve was 4.9% \[[@CR5]\]. In a recently published article, based on data from the 2006 Aboriginal Peoples Survey (APS), the prevalence of CB was 6.6% among off-reserve First Nations people (5.0% in males and 7.2% in females) \[[@CR2]\]. These rates were higher than the prevalence of CB for the non-Aboriginal Canadian population (2.4%) \[[@CR5]\]. CB is a respiratory disease defined as "*cough productive of sputum for at least 3 months of the year for at least 2 years*" \[[@CR6]\]. Research has shown that CB is a significant cause of morbidity and an underlying condition for the development of COPD \[[@CR7]\]. Based on limited data available for on-reserve First Nations, it was reported that First Nations adults living on reserves have higher age-adjusted rates of CB compared to other Canadians \[[@CR8], [@CR9]\].

Exposure to cigarette smoke, inadequate housing, low socio-economic status, and obesity are some of the factors associated with the increased prevalence and incidence of CB \[[@CR5], [@CR10], [@CR11]\]. These factors are more prevalent among First Nations people as compared to the general Canadian population and might be responsible for the high prevalence of CB in Aboriginal peoples \[[@CR1], [@CR9], [@CR12]--[@CR15]\]. Approximately 11% of Canada's Aboriginal peoples live in Saskatchewan \[[@CR16]\]. To date, knowledge about the risk factors associated with CB among on-reserve First Nations peoples is limited and has not been well established. The purpose of the baseline component of First Nations Lung Health Project (FNLHP) conducted in 2012 was to address these gaps. The objective of this manuscript was to compute the prevalence rates of CB and determine its associated risk factors in on-reserve First Nations people.

Methods {#Sec2}
=======

The FNLHP is a prospective cohort study being conducted using interviewer-administered surveys in two phases, the baseline, and the follow-up. The baseline survey was completed between 2012 and 2013. The details of this study are given elsewhere \[[@CR17]\]. In this study, through the application of a Population Health Framework, we attempt to understand the association between the individual and contextual factors; as well as the interactions between them in relation to respiratory health outcomes after adjusting for important covariates \[[@CR18]\]. In brief, two on-reserve communities were invited to participate in this study. Henceforth, we will call these communities Community A and Community B. These communities were selected based on a long-term previously established relationships. The questionnaire collected information on individual and contextual factors and a history of ever diagnosed with CB (outcome variable). Some measures of housing conditions, life-style and socio-economic status used in our questionnaires were adopted from previous research studies that had validated these measures \[[@CR18], [@CR19]\].

Primary respiratory health outcome {#Sec3}
----------------------------------

The primary outcome of interest was self-reported physician-diagnosed CB, as determined from the baseline survey question: "Has a doctor ever said you had ... Chronic Bronchitis?".

Contextual factors {#Sec4}
------------------

The primary contextual factors associated with respiratory health outcomes were crowding (based on a ratio of number of people who usually live in the household and number of bedrooms), socioeconomic status (assessed using total household income), indoor air quality (assessed by response to questions about the quality of house---in need of major/minor repairs, water or dampness, damage caused by dampness, mildew odor or musty smell, mold or mildew, presence of proper ventilation such as the use of an air conditioner, humidifier or dehumidifier, pets inside home and environmental tobacco smoke in the house), and outdoor environment (assessed by responses to questions about having an outdoor corral or feedlot, bales, grain bins, sewage pond or manure lagoon, garbage dump, lumber yard or saw mill near the home).

Individual factors {#Sec5}
------------------

The primary individual factors considered were the highest level of educational attainment, lifestyle and behavioral factors inclusive of smoking, physical activity, and allergies.

Covariates {#Sec6}
----------

Covariates included in this analysis were age, sex, and body mass index (BMI).

Statistical analysis {#Sec7}
--------------------

The percentage of respondents (overall and separately for males, females) self-reporting doctor diagnosed CB was calculated for each community. The percentages of respondents for each risk factor and the self-reported doctor diagnosed CB were also calculated. The bi-variable analysis was used to select variables for multivariable logistic regression based on the standard model building techniques \[[@CR20]\]. A multivariable logistic regression modeling technique based on maximum likelihood was used to test the association between risk factors and the presence of chronic bronchitis. Clustering effects within households were adjusted using Generalized Estimating Equations. The strength of association was presented as odds ratio (ORs) estimates and 95% confidence intervals (CIs). SPSS 22 was used to conduct all analyses \[[@CR21]\].

Results {#Sec8}
=======

The FNLHP included 874 adults participants (response rate: 55.7% of 1570 based on 2011 Canadian Census) (443 women, 431 men) living in 406 households (response rate: 70% of 580 based on band lists) from the two participating communities. This analysis was based on *n* = 720 participants who responded to the question "Has a doctor ever said you had chronic bronchitis?" and completed an individual and household questionnaires.

The mean age of the study population was 34.83 ± 14.47 years and 17.8% were older than 50 years. The demographics of the population were: 52.1% females; 28.8% overweight; 35.4% obese; 76.8% current smokers; and, 13.5% ex-smokers. The overall prevalence of CB was 7.8% (Fig. [1](#Fig1){ref-type="fig"}). Prevalence of CB in Community A was 8.9% (6.8% in males and 10.6% in females) and in Community B was 6.8% (6.0% in males and 7.5% in females) (Fig. [1](#Fig1){ref-type="fig"}). In both communities, the prevalence of CB in females was higher compared to the prevalence of CB in males but not statistically significant (Community A - *p* value = 0.21; Community B - *p* value = 0.57). The univariate relationships between the contextual factors and individual factors or covariates and CB using unadjusted logistic regression are shown in Table [1](#Tab1){ref-type="table"}. The multivariable logistic regression results are presented in Table [2](#Tab2){ref-type="table"}. The significant predictors of CB were: increasing age; the presence of mildew odor or musty smell in the house; having an air conditioner; and, having a reported allergic reaction to house dust. Exposure to environmental tobacco smoke in the house modified the relationship between BMI and chronic bronchitis (*p* \< 0.05). That is, a person who was obese or overweight and exposed to environmental tobacco smoke in the house had an increased risk of self-reported, doctor-diagnosed CB compared to a person who was not exposed to environmental tobacco smoke in the house (Fig. [2](#Fig2){ref-type="fig"}).Fig. 1Prevalence of chronic bronchitis in two communities (overall and by sex) Table 1Bi-variable analysis of the association of chronic bronchitis on personal and environmental factors (*n* = 720)Ever Diagnosed with Chronic BronchitisUnadjusted^a^ Odds Ratio (95% CI)Yes/Total%Contextual FactorsSocioeconomic Annual income  No income2/424.80.73 (0.16, 3.45)  \$0--\$999916/15110.61.71 (0.77, 3.78)  \$10,000--\$19,99910/1109.11.42 (0.65, 3.11)  Unknown/Not stated15/2166.91.07 (0.49, 2.33)   ≥ \$20,00013/2016.51.00 Crowding   \> 1 person/bedroom40/5097.91.17 (0.39, 3.53)   = 1 person/bedroom11/1378.01.20 (0.35, 4.15)   \< 1 person/bedroom5/746.81.00Indoor Environmental Factors Environmental Tobacco Smoke (Household Smoking)  Yes37/4059.11.56 (0.87, 2.79)  No19/3126.11.00 House in need of repairs  Yes, major repairs23/2898.01.22 (0.61, 2.45)  Yes, minor repairs18/1989.11.39 (0.65, 2.98)  No, only regular maintenance14/2116.61.00 During past 12 months, water or dampness  Yes33/4337.60.83 (0.47, 1.48)  No22/2449.01.00 House damages caused by dampness  Yes33/3748.81.51 (0.83, 2.72)  No18/2996.01.00 Mildew odor or musty smell in home  Yes38/36910.3**2.18 (1.18, 4.03)**  No15/3005.01.00 Signs of mold or mildew in home  Yes33/3369.81.75 (0.95, 3.23)  No18/3065.91.00 Wood store or wood to heat house  Yes1/273.70.46 (0.06, 3.59)  No55/6937.91.00 House heating system has a filter  Yes\
  No50/560\
6/1608.9\
3.8**2.50 (1.06, 5.88)**\
1.00 House has an air conditioning  Yes23/18612.4**2.14 (1.22, 3.75)**  No33/5346.21.00 Humidifier used in house  Yes3/1022.90.33 (0.10, 1.06)  No53/6188.61.00 Dehumidifier used in house  Yes7/739.61.30 (0.48, 3.51)  No49/6477.81.00 In the past 12 months, pet living in house  Cat   Yes8/1097.30.93 (0.41, 2.11)   No48/6117.91.00  Dog   Yes11/1676.60.79 (0.39, 1.61)   No45/5538.11.00  Bird   Yes5/3116.12.41 (0.83, 6.96)   No51/6897.41.00  Other   Yes2/326.30.80 (0.18, 3.54)   No54/6887.91.00Outdoor Environment near your home An outdoor corral or feedlot   Yes13/12010.81.56 (0.80, 3.05)   No43/6007.21.00 A bales stack or bales   Yes9/1028.81.14 (0.52, 2.53)   No47/6187.61.00 Grain bins   Yes5/4411.41.55 (0.54, 4.41)   No51/6257.51.00 Sewage pond or manure lagoon   Yes20/2029.91.45 (0.82, 2.59)   No36/5187.01.00 Garbage dump   Yes14/1449.71.36 (0.73, 2.57)   No42/5767.31.00 Lumber yard, carpentry construction or sawmill   Yes2/345.90.71 (0.10, 5.21)   No54/6867.91.00Individual Factors Smoking Status   Current smoker42/5537.61.05 (0.42, 2.63)   Ex-smoker9/979.31.32 (0.42, 4.16)   Never smoker5/707.11.00 Education     \< High School24/3526.80.76 (0.42, 1.38)     ≥ High School32/3668.71.00 Exercise   Yes39/4987.81.03 (0.57, 1.85)   No17/2227.71.00 An allergic reaction to   House dust    Yes20/10020.0**4.08 (2.31, 7.22)**    No36/6205.51.00   Cat    Yes7/7010.01.37 (0.62, 3.02)    No49/6507.51.00   Dog    Yes2/238.71.15 (0.27, 4.94)    No54/6977.71.00   Grasses, pollens or trees    Yes13/8814.8**2.37 (1.21, 4.63)**    No43/6326.81.00   Molds    Yes18/8820.4**4.08 (2.18, 7.62)**    No38/6326.01.00   Farm Animals    Yes1/185.60.70 (0.09, 5.28)    No55/7027.81.00   Tobacco smoke    Yes10/6116.4**2.62 (1.28, 5.36)**    No46/6597.01.00Covariates Age, in years    \> 5021/12816.4**5.94 (2.61, 13.52)**   36--5021/16213.0**4.56 (1.99, 10.41)**   26--356/1743.51.08 (0.40, 2.95)   18--258/2563.11.00 Sex   Female34/3759.11.47 (0.84, 2.57)   Male22/3456.41.00 Body Mass Index (kg/m^2^)   Obese (\>30)19/2557.51.21 (0.59, 2.45)   Overweight (25--30)18/2078.71.43 (0.71, 2.88)   Normal (0− \< 25)15/2406.21.00Within household clustering is accounted for by multi-level univariate^a^logistic regression; odds ratios that are significantly different from 1.00 (*p* \< 0.05) are in bold face Table 2Odds Ratios (95% confidence intervals) based on multivariate logistic regression^a^ for associations with chronic bronchitisVariableAdjusted^b^ OR (95% CI)Household smoking Yes0.36 (0.11, 1.14) No1.00Mildew odour or musty smell in home Yes**2.33 (1.21, 4.50)** No1.00House has an air conditioner Yes**2.23 (1.18, 4.24)** No1.00Age, in years  \> 50**6.08 (2.58, 14.33)** 36--50**4.26 (1.74, 10.41)** 26--350.99 (0.33, 2.95) 18--251.00Sex Female1.49 (0.76, 2.92) Male1.00Body Mass Index (kg/m^2^) Obese (\>30)0.17 (0.05, 0.59) Overweight (25--30)0.19 (0.06, 0.63) Normal (0− \< 25)1.00Allergy to house dust Yes**3.49 (1.75, 6.97)** No1.00Interaction (See Fig. [1](#Fig1){ref-type="fig"})*P* valueHousehold smoking X Body Mass Index**\<0.05**^a^Adjusted for repeated measure on households^b^logistic regression; odds ratios that are significantly different from 1.00 (*p* \< 0.05) are in bold face Fig. 2Mean predicted probabilities for the interaction between body mass index and exposure to environmental tobacco smoke in the house

A sub-analysis was completed to explore the 2-way interaction between sex and smoking (in terms of pack-years) and CB. Smoking pack-years, a continuous variable, was divided into three categories: 0 for never-smokers; \> 0 and \< 10 pack-years (moderate smokers); and ≥ 10 pack-years (heavy smokers). Based on crosstabs analysis, we observed (data not shown), for females there was a significant positive association between smoking pack-years and the prevalence of CB (5.4% self-reported, doctor-diagnosed CB among never-smokers, 4.3% among ex-smokers, and 21.3% among current-smokers); however, this relationship was not significant for males. The association between smoking pack-years and prevalence of CB was different for males and females, indicating that sex is an effect modifier in the relationship between smoking pack-years and the prevalence of CB. However, we were not able to test this interaction in the multivariable model because of relatively small numbers due to pack-years information missing for approximately 40% of the study population.

Discussion {#Sec9}
==========

By using the information from the baseline component of the longitudinal study, we determined the prevalence of CB and examined the associated risk factors in First Nations people residing in two on-reserve communities in Saskatchewan. In this study, a fairly good response for household participation for completing the baseline survey via interviewer-administered questionnaire was observed (53.9% in Community A and 89.9% in Community B). The overall prevalence of CB was 7.8% in these two on-reserve First Nations communities (6.4% in males and 9.1% in females). Modifiable risk factors identified were housing conditions such as mildew odor or musty smell in home, having an air conditioner in the home, exposure to environmental tobacco smoke in the house and obesity in the communities. The other significant risk factors of CB were increasing age and allergic reaction to house dust.

Geographic location (reserve) appears to have a large impact with respect to health status and use of physician services \[[@CR22]--[@CR24]\]. The prevalence of on-reserve First Nations peoples (7.8%, based on the current study) was higher than the off-reserves Aboriginals (6.6% based on the 2006 APS \[[@CR2]\] and 4.9% based on the 2005 CCHS \[[@CR5]\]). In contrast, the 2002/03 First Nations Regional Longitudinal Health Survey reported that age-standardized prevalence of self-reported, doctor-diagnosed CB was 3.7% in First Nations living on-reserve \[[@CR4]\]. All these rates are higher than the prevalence of 2.4 and 2.5% found in the non-Aboriginal Canadian population, according to the 2005 CCHS and 2007/2008 CCHS, respectively \[[@CR5], [@CR25]\]. A recent study of Saskatchewan rural residents (excluding Aboriginal residents) reported a prevalence of 5.9% \[[@CR26]\]. These differences in the prevalence of CB support the findings that geographical location (on-reserve, off-reserve and rural) has a large impact on respiratory health.

An article based on the 2006 APS including off-reserve First Nations, Metis, and Inuit people observed that older age, lower educational attainment, lower income, and urban residence were significantly associated with self-reported doctor-diagnosed CB \[[@CR2]\]. It was also reported that smoking status and body mass index were significantly associated with CB, and their effects differed by sex \[[@CR2]\]. A recent Saskatchewan Rural Health Study (SRHS) \[[@CR26]\] reported a positive association between greater prevalence of CB and lower household income adequacy, increasing age, allergies, history of lung disease in a parent, exposure to stubble smoke, obesity, prenatal exposure to smoking, and female sex. The SRHS also reported that smoking modified the relationship of CB with occupational exposure to wood dust, solvents and allergic reaction to solvents \[[@CR26]\]. Similar to these studies, the current study reported that older age was significantly associated with CB. In contrast, based on our data we did not observe any association between education level, income level, and the prevalence of CB. This could be due to small numbers and less variation in the data related to income and education. In this study, approximately 27% of households reported an annual income of \< \$10,000 or no income, and, 15% reported being in the \$10,000--\$19,999 annual income range. Thirty percent of households did not report the income. About half of them had less than a high school education. For the current study, we did not collect information on a history of lung diseases in a parent, exposure to stubble smoke, and prenatal exposure to smoking. There was a positive observable association between allergies and CB when we conducted univariate analysis, but the association was not significant when multivariate analysis was conducted.

Exposure to environmental tobacco smoke (household smoke) is the most important risk factor for the development of CB as reported by several studies \[[@CR2], [@CR25]--[@CR29]\]. The current study did not report a significant association between personal non-traditional use of tobacco and the prevalence of CB; however, there was a significant interaction with environmental tobacco smoke and BMI. In the participating two on-reserve communities, 77% were currently engaged in the non-traditional use of tobacco, 13% had been ex-smokers and only 6% of smoke-free individuals implying that almost everyone in the household had been exposed to secondhand smoke. Hence, we decided to investigate the association between household smoke and CB. It is possible that, due to the high proportion of those who currently or have in the past engaged in the non-traditional use of tobacco, we did not find any positive association between non-traditional use of tobacco and CB in spite of a vast literature available on the positive association between smoking and CB. Data from the CCHS 2000/2001 reported that self-reported recent secondhand smoke exposure in Canada was high and was associated with asthma, chronic bronchitis, and hypertension in never- and ex-smokers \[[@CR30]\]. Few other studies reported the relationship between secondhand smoke and CB \[[@CR31], [@CR32]\].

In our study, the prevalence of CB was 6.4% for males and 9.1% for females, supporting the earlier finding of higher prevalence of CB in females in Aboriginal and rural populations \[[@CR2], [@CR26]\]. Based on our recent study of small town and rural people in Saskatchewan, we observed that females were significantly more likely to self-report doctor-diagnosed CB (OR 1.32, 95% CI: 1.10--1.58). In our study, the proportion of current smokers (78.5% vs. 76.0%) were higher for males compared to females, and there were higher proportions of ex-smokers (14.4% vs. 12.1%) among females compared to males. Research has shown a strong positive association between smoking and CB and a higher prevalence of CB in females \[[@CR2], [@CR25]--[@CR28]\]. A univariate sub-analysis of this study revealed that the association between smoking pack-years and prevalence of CB was different for males and females, indicating that sex is an effect modifier in the relationship between smoking pack-years and the prevalence of CB.

Research has shown that environmental tobacco smoke contains more than 4000 chemicals and many of these are potent respiratory irritants \[[@CR33]\]. These chemicals pollute the environment and damage human lungs when inhaled \[[@CR33]\]. In the current study, BMI modified the relationship between exposure to secondhand smoke in the house and the prevalence of CB. Overweight and obese individuals who were exposed to secondhand smoke in the house were more likely to self-report doctor-diagnosed CB compared to those who were not exposed to secondhand smoke in the house.

An intergenerational link has been shown between attendance at a residential school, smoking, and CB \[[@CR4], [@CR34]\]. We explored the association between "Have you ever attended the residential school?" and "Have either of your parents/grandparents attended the residential school?" and the prevalence of CB. We did not find a significant association between either of the variables related to residential school and the prevalence of CB.

Strengths and limitations {#Sec10}
-------------------------

One of the strengths of our study was the moderate response rates for household surveys and individual surveys. Very few Canadian studies have examined the risk factors of chronic bronchitis among First Nations peoples. In general, due to the cross-sectional nature of the study, one of the major limitations was the recall-bias of disease history. Another limitation is that the information bias due to hiring local people to conduct interviews.

Conclusions {#Sec11}
===========

The prevalence of CB in the First Nations people could be high because risk factors associated with the prevalence of CB are more common in these communities compared to the general Canadian population. CB occurred as a result of both non-modifiable (such as age) and modifiable risk factors. Modifiable risk factors identified were housing conditions such as mildew odor or musty smell in the home, secondhand smoke in the house, and obesity. We observed interaction effects on prevalence of CB between secondhand smoke in the house and BMI (adjusting for other variables in the model) and smoking pack-years and sex (not adjusting for any other variable) for First Nations peoples. These interaction effects have not been widely reported previously about on-reserve First Nations communities. We have established a baseline for the prevalence of CB among First Nations peoples in Saskatchewan against which future research related to the control of this disease can be developed.
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